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pt/rhnidinc sulfulv. (Compound J I). The aeclinmlalc cwtvr 
(20 p.; 0.8 mole) wan added in portions to a atirrcd solution of 
7 g. (0.08 moic) of A'-mcLhyl-l,&4liainiiiopropanc in 100 ml. 
of ethnnol at 5°. The mixture was stirred at 5° for 1 hr. and 
at 25® for 1 hr., after which it was vacuum-distilled to an oil. 
The oil was dissolved in a small volume of dilute hydrochloric 
acid, clarified by an ether extraction, and made alkaline. 
The base was extracted with ether, the ether solution was 
dried and stripped to an oil which solidified; yield, 11 g. 



(57%); m.p. t*0-70° after rtwrytftallizntioii from heptane. 
Tin* sulfate suit melted at J8i5-18-1 0 after recrystallization 
from isopropyl alcohol. 

S-ip-Ch loro-a-hydroxyben zyl) - it aid (uo I in c hydrochldr. ide 
(Compound 10). This compound was prepared by essentially 
the same procedure used for compound 1 1, using: ethylene 
diamine in place of A*-mcthyl-l,:j-diaminopropane. 

Santa Barbara, Calif. 
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ause of the interest of organic trithiocurbonjites ;m biological toxicants and also as oil additives, fiftv-fivo. compounds of 
this class were synthesized which included symmetrical and unsymmetrical dialkyl, symmetrical diaryl, nryl alky!, ami 
aralkyl alkyl trithiocar!)onates. Various synthetic routes for the preparation of these compounds were investigated. 



Several members of the class of organic trithio- 
carbonates, particularly the symmetrical types, 
have been known for many years and various 
synthetic routes have been employed for their 
synthesis; however, no concentrated preparative 
study has been reported in the literature. Because 
of this fact and because of certain indications of 
biological activity 2 " 4 as well as utility as oil addi- 
tives,* this work was undertaken. 

Four methods for the preparation of trithio- 
carbonates were investigated. A synthetic route, 
which proved to be of great utility, involved the 
reactiou of an aryl- or alkylthiol in the presence of 
base with an alkyl (Method Al) or aryl ehlorodi- 
thioformatc (Method A2). Korty-scvcn compounds 
were prepared by this general method. Thirty-five 

NtiOH 

Method A UiSH + C1CSSR, ► RjSCSSR. 

KOH R.Br 

Method B K,SH + CS* * KSCSSR, > JtiSCNSR, 

N&OH 

Method C 2RSH + CSCl 2 — — > RSCSSR 



Method D R,N,+C1- + KSCSSR. - 



R»SCSSR, 



(1) Presented at the Frederick F. Blicke Symposium of 
the Division of Medicinal Chemistry at the 138th National 
Meeting of the American Chemical Society, New York, 
N Y., September, 1960. 

(2) J. T. Bashour, U. S. Patent, 2,676,129 (1954); Chan. 
Atiitr. 48, 8472i (1954); Symmetrical dialkyl trithiocar- 
bonntea as nematocides. 

• (3)fjrT. Bashour, U. S. Patent, 2,731,487 (195C); Chetn. 
^r| :|d, 15583h (1950); Asymmetrical <-a!kyi trithio- 
cirbonatefl as insecticides and miticides. 

;(i):^ET. J. :Renner, G. Schneider, and J. Weissfiog, East 
GerpPatent 15*431.(1958); Chan. Abstr. 54, 2C50f (1960). 
Symmetrical alkyl- or arylthiomethyl trithiocarbonates ax 
insecticides. 

^5)?E; Blake, U. S. Patent, 2,396,487 (1940); Chem. 
^tor;4p;2974 4 (1946). 



arjrl alkyl trithiocarbonates, two aralkyl alkyl tri- 
thiocarbonates, and four unsymmetrical dialkyl 
trithiocarbonates were made by Method Al, and 
six aryl alkyl trithiocarbonates were made by 
Method A2. 

Another route, which gave very good results* 
was the reaction of an alkylthiol with carbon 
disulfide in the presence of potassium hydroxid^to 
form the potassium alkyl trithiocarbonate which? 
subsequently reacted with an alkyl or aralkjrt^; 
bromide to form the desired trithiocarbonate; 
(Method B). Three aralkyl alkyl trithio<»rbouriijfcs 
and two symmetrical dialkyl trithi(K*arb<>nates:w6^er 
prepared in this manner. In the ease of diethyl?: 
trithiocarbonate (Table I, No. 13), the litfer 
method gave a higher yield than when Method^A|L 
was employed (75%, compared to 50%). 

Three symmetrical diaryl trithiocarbonates %^0^7 : ., 
prepared by the reaction of thiophosgene wi^|iS>^ ■ 
arj'l thiol (Method C) in the presence of base, : 3^: ; 

Only six of the trithiocarbonates reported irf4nisfc 
paper have been previously described. ©nlj^d.K-;. 
phenyl trithiocarbonate was prepared by the sa^ v 
method indicated in the literature. The dimef^l,:. 
diethyl, dibutyl, and diallyl tritMo<uirbpnaj^V- v ' 
were previously prepared by reaction of sodium ;> 
trithiocarbonate, potassium trithiocarbonate; vox 
ammonium trithiocarbonate with an appro^i^S;: 
alkyl halide. ; 

In an attempt to prepare ethyl ^-nitrophe^l • % 
trithiocarbonate from o-nifrochlr :rol>cnzenc ) and: 
potassium ethyl trithiocarbonate by MethodiB,; 
only bis(c-nitropbenyl) disulfide was obtaihed^as; , 
determined by infrared analysis and melting vp^itfti < ^ 
Also an attempt was made to prepare* rrietii^l-^h- ^ 
nitrophenyl trithiocarbonate by Method Al iisliig v 
p - nitrobenzenethiol and methyl chlbrb^i®^ 
formate. 



Only bis(p-nitrophcnyl) disulfide ;c^^S 



GOUT AND WANN 



vol. 26 



o © o 
ifj -r »q 



o? Ci CO CO 
-r iO 



CO 



8 



o r- o -< 



-CCOO CO 
»0 CO CO CO CO 



*C f tJ* 



OICOCO»OiOiO©CN»OlOOO i 
00 lO O (N O CO I s - O "f N ^ I 



CO j O C M O H 

© ' N C» O C 
CO ^J* CO CO CO CO 



oo -r ^ M o 



h C5 Ci Mfl 
** CO CO CO CO 



ooooo 

CO ^ CO ^ 



CI o o o 

CO CO CO CO 



<<<<<<<<<<<<h< <<<<<<<<<<<< 



o -r cn f co 

(N C M 
CO 00 CO O CO 

ooooo 



00 CO 00 
CO O CO 
00 00 © 
O O to 



K'OOOO 
n O O CJ N 

CM "V l>» 00 

ooooo 



o 



© r- 

— CO 

CO 

© © 



o — 

CM © , r- 

So I is I I 



© 

I- 



f- r» co N N n uj 

, , , ~* CM <N CO CM.tO CO 

I I I I So I 



.- . ... . 

00 t«- b» (>• o 

cdd«'d 



^ o ST 10 S! oo « io cn io 



^ CO lA 




c5c5c5d a c5<5 c5 o do o a c5 cJ 





111* 



OCTOBER 19G1 



SYNTHESIS OF ORGANIC TRITHIOCAROONATES 



4049 



E — 
St- 



o -a 

s I 

1 6. 



co ci 



hooooo w woo 


i M CO 


ciocsoi csi ~h in 

^* CO CO ^* ^» ^J* 


S3 S3 


N (>« H H H H 


1 0 ~ 


m o> ci cj w oi ci 

^* CO CO ^ V 







2£Oooc*r^.eitf5ooeo© 



o © to g, 



t*- o i 



of O? Of & off 0? off 0 5 ^ Q 0? 

tf tfl 5C B 52 Cfl W W tfl j£ BjftB 



.£3 

a. 

SwwSSSS w w< 6.S 



a s s 
l| •& 

j£» Ji> j^iiv^ 2 ° g_, 

Jtcou* A CO o 4 O 9 =J 
co* iejC'CfcTcr tfi*e* A.E fc 



^ *o «o *o »o *o *a 



lis*;: 

- 4 rci 



w O 



CO +> « o 
00 c.-^ ~* 

5 i 6 c~ 

v w S C 

•» 3«*g" 

.W CO ^ QJ 

si jjE- 

-J - E 

O <M • 

|- CCh N 

e • CN 

. »- _; io 

rvj h-> 

^ -a 

. N C C 

<° SejS 
u 2 c en 

» 5 4« 

§ *«* 

^«.| 

£| gci 

U c 

5 Ph « 

•rf « J; * s 
H £ c B « 

|8*- & 



® -a 
> a 



> 2 



lilli 

Hill 

• 3 00 n 



be isolated as a reaction product. In the above two 
experiments air was not excluded from the reaction. 

To attempt the preparation of ethyl m^hitrb- 
phenyl trithiocarbonate, a solution of ?n-nitrp- 
phenyldiazonium chloride reacted with potassium 
ethyl trithiocarbonate (Method D). A dark red 
undistillable oil of undetermined structure was 
obtained which gave a sulfur analysis equivalent to 
one-half of theory. (Calcd: S, 37.1. Found, 18.7). 
Infrared analyses did not aid in assigning a struc- 
ture for the product. 

The synthesis of ethyl m-tolyl trithiocarbonate, 
which was prepared by Method Al, was attempted 
by two alternate methods for comparative pur- 
poses. Reaction of ethyl bromide with a solution 
of potassium m-tolyl trithiocarbonate generated 
from m-toluenethiol, carbon disulfide, and potas- 
sium hydroxide did not give the product. The re- 
action of a solution of m-tolyldiazonium chloride 
and sodium ethyl trithiocarbonate (Method D) 
gave a low yield (23.6%) of impure product aa 
determined by boiling point (132-137° at 0.38 
mm.; bv Method Al, 135-139° at 0.8 mm.), refrac- 
tive index (n» D a 1.6462; by Method Al, 1.6616), 
and infrared analysis. 

The sulfur analyses on several of these trithio- 
carbonates are not in close agreement with the 
theoretical values; however, the infrared spectra 
appear to indicate the materials to be essentially 
pure. Simple acyclic trithiocarbonates are reported 
to show absorption at 9.45 to 9.50 which is at- 
tributed to the C=S stretching frequency. 6 
Cyclic trithiocarbonates appear to show the <>==S 
stretching band in the range of 9.25 to 9.35 
All of our trithiocarbonates exhibited multiple 
high-intensity maxima in and near these repo^. 
Representative examples are given in the following 
table. Compounds 1,8,13,21,39,47, and 53 were run 
as capillary films. Compounds 19,20,28, and 38 were 
run as 5% carbon disulfide solutions. 



No. 


Trithiocarbonate 


'coax (microns) - : 


13 


Diethyl 


9.28,9.57,9 ^0 ^ 


39 


Dibutyl 


9.24,9.58 


53 


Diallyl 


9 45 


19 


Phenyl methyl 


9 34,9.55, 9 81 


20 


o-Tolyl methyl 


9.30,0.57 


47 


2,5-Xylyl methyl 


9.28,9.60 


38 


Pentachlorophenyl methyl 


9.27,9.40 


1 


m-Tolyl ethyl 


9.26, 9. 33; 9 45; 9^79 


8 


m-Chlorophenyl ethyl 


9.28,9.42,9:7.6 
9.32,9,58 " 


21 


p-Methoxyphenyl ethyl 


28 


p-Ethoxyphenyl ethyl 


9.31, 9.45^9.62^80 



(6) R Mecke, R. Mecke, and A. Luttringhatis^g^ 
Naturfor*ch. t 10b, 367 (1955). ; 

(7) R. N. Hasseldine and J. M. Kidd, /. C^v;Sbc^? : M74 \ 
(1955). -Vr^A^pi^ 

(8) J. L.Jones, W. Kynaaton, and J. L. Hales,^ Chemi: 
Soc. t 614 (1957). 

(9) S. M. Iqbal and L. N. Owen, J. Chem^So^ f ^^Oh 

(i960). 
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TABLE II 
Aromatic Thiols 



No. 


Name 


i 

Formula 


1 


o-Chlorobcnzenethio) 11 




2 


w-Ohlorobenzenethiol* 


CffaCIS 


3 


l-Xaphtlmlonrthiol f 


CoHmS 


4 


/>-KtlH).\vl)Ouz(»nothiol rf 


C\H t0 < >S 


5 


'f'-McUioxyhcnzeucthial' 




fi 


wi-Kt hoxylxMijEonKhiol f 


CiHwflS 


4 


2.5-XyliMiethinI*' 




8 


:M-Xylc*m*UiinI 


r«H,„s 


9 


2,4-XylenothioI* 




10 


2,3-Xylenethioi 




1 J 


2.0-Xy!onetliioI 





yield, 



B.P. 



(Mm.) 



62 
54 
41 
08 
2!) 
21 
52 
03 
72 
41 
33 



82-4 
Gl-4 
85-8 
77-8 
74.5 
87.5 
48-9 
70 . 5-7 
80.5 
J 2 1-22. 
104 



(9.2) 

(2.4) 

(0.27) 

(1.0) 

(2.0) 

(3.5) 

(0.62) 

(3.0) 

(9.0) 

(38) 

(29) 



1 . Fnedlamler and F. Mauthner, Che.m. Zenfr. II, 1 170 ( 1004); b.p. 205-200°. 6 Ci. Dnceomo, JahresbericM uher die Fort- 
Rchrttif derChemie, 1375 ( 181)1 ); Kriktein, 6, 326 (1923); b.p. 205-207. e K. Bourgeois, /tec <rm>. cttm. 18, 444 ( 1809); b.p. 161 ° 
(20 mm.) « (j. La«ai, J5f,r. 25, 1838 ( 1802); b.p. 232.5°. * K. Fries- and E. Kngelbertz, Ann. 407, 211 (1015); b.p. 112-1 14° 
(20 mm.). ' A. Delisle and ( J. U*ai, &rr. 23, 3394 ( 1800); b.p. 238-239°. » L. Oattcrmann, /to*., 32, 1 147 (1899): b.p. 205- 
200°. *1W. ?1 ; b.p. 207-208°. 1 



Eleven of the intermediate arylthiols were 
synthesized from their corresponding aniline 
through the diazonium chloride and corresponding 
ethylxanthate (Method E) by modifications of 
a known procedure. 10 Many of these compounds 
are known: but have been previously prepared by 
reduction of their corresponding sulfonyl chlorides. 
The infrared analyses of these intermediate thiols 
indicated that they were essentially pure materials. 

The preparations of the intermediate chlorodi- 
thioformates were accomplished by modifications of 
procedures described in the literature. ll « 12 These 
involve the reaction of methane- or ethanethiol 
with thiophosgene (Method F) or the reaction of 

/.the sodium salt of an arylthiol with thiophosgene 

JCMethod G). 

EXPERIMENTAL 

Preparation of tritkiocarlxtnaies. Method Al. The alky 1-, 
aryl-, or aralkylthiol (0.2 mole) was dissolved in 200 mL of 
^benzene or ether and a solution of 8.0 g. (0.2 mole) of sodium 
ghydroxide in 8 ml. of water was added at 25°. After stirring 
*fbr 2 hr., methyl or ethyl chlorodithioformate (0.2 mole) 
^Was then added dropwise to the above mixture at 25-30° 
vjoyer a period of 0.5 hr. The reaction mixture was stirred 16 
^hr. Water (100 ml.) was added to dissolve the precipitated 
.^sait; and the ether or benzene layer was separated, washed 
• i«.v» vrivit iuu itii. vi n rttt- r, uiiu unou over magnesium sul- 
fate. After removal of the solvent, the product was fraction- 
ated under reduced pressure or recrystallized from an appro- 
priate solvent. 

v^; Method A2. The same procedure was employed as de- 
scribed in Method Al except the sodium salt of an alkylthiol 
reacted with Af-toiyl or p-tolyl chlorodithioformate. 
Method B. To a solution of 16.8 g. (0.3 mole) of potassium 
^hydroxide in 200 mi. of absolute ethanol, the thiol (0.3 mole) 
Jwas added dropwise over 0.5 hr. with stirring and cooling at 
mp^20p After stirring for an additional 0.5 hr., carbon di- 
^iiilfide (22.8 g., 0.3 mole) was then added mainUining the 

/ ; (10) D, S. Tarbcll and D. K. Fukushima, Org. Syntheses, 
^7^.;81 ;( 1947). 

£ r \( : U) F. Arndt, E. Milde; and G. Eckert, Ber. f 56, 1976 
<?£^}2$*3l. Houben and K. M. L. Schulte, Ber. t 44, 3232 



temperature at 15-20°. Subsequently, the reaction mixture 
was stirred for 3 hr. at 25°. A small crystal of iodine and the* 
alkyl or aralkyl bromide was added dropwise over a period, 
of 2.5 hr. allowing the temperature to rise. The reaction 
mixture was then refluxed for 8 hr., cooled to 25° and poured 
into 1 I. of ice water. The aqueous mixture was extracted 
twice with 200 ml. of ether. The combined ether extracts 
were washed with 150 ml. of water and dried over magne- 
sium sulfate. After the solvent was removed, the product 
was distilled. 

Method C. The arylthiol (0.4 mole) was dissolved in 200 
ml. of !>enzene and a solution of 16 g. (0,4 mole) of sodium 
hydroxide in 16 ml. of water was added at 25°. After stirring 
for 2 hr., thiophosgene (23 g., 0.2 mole) was added dropwise 
to the mixture at 40-45° and then stirred for 2 hr. at 25°. 
The workup procedure was the same as described in Method 
Al. 

Method D. The procedure for preparation of the substi- 
tuted aromatic diazonium chloride solution was the same as 
given in the preparation of the aromatic thiols ( Method E). 
A solution of potassium or sodium ethyl trithiocarbonate was 
generated as indicated in Method B. The cold diazonium 
chloride solution was added slowly over a 3-hr. period! to the 
solution of potassium or sodium ethyl trithiocarbonate (10 % 
excess) in water at 40-45°. After the addition was complete, 
•the mixture was stirred for an additional 0.5 hr. The ?oily 
layer was separated, and the aqueous layer extracted with 
ether. The combined oil and ether extracts were washed; with 
water. The ether solution was dried over magnesium sulfate, 
and the solvent removed. The product was distilled or re- 
crystallized as was found appropriate. 

Preparation of aromatic thiols. Method E= The substituted 
aniline (1.0 mole) was added slowly to 200 g. of crushed ice 
and 200 g. of coned, hydrochloric acid. The resulting mixture 
was cooled to 0° and a cold solution of sodium nitrite (73 ;3 
g., 1.06 moles) in 107 ml. of water was slowly added keeping 
the temperature below 4°. This cold diazonium solution was 
then added slowly over a 3-hr. period to a solution of potas- 
sium ethylxanthate (186.6 g., 1.17 moles) in 240 ml. Of water 
warmed to 40-45°. After the addition was. complete, the 
reaction mixture was stirred for an additional 0.5 hr. The 
red oily layer was separated, and theaqueous layer extracted 
twice with 200 ml. of ether. The combined oil and extracts 
were washed twice with 200 ml. of water. The ether solution 
was then dried over calcium chloride and the solvent was 
removed leaving a red-brown liquid product which was the 
xanthate. 

The resulting xanthate and 600 ml. of 95% ethanol was 
stirred and heated to reflux and then maintained at reflux by 
the slow addition of 233 g. (4.0 moles) of potasshim hydroxide 



